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INTEGRATED CIRCUIT DIE AND/OR PACKAGE HAVING A 
VARIABLE PITCH CONTACT ARRAY FOR MAXIMIZATION OF 
NUMBER OF SIGNAL LINES PER ROUTING LAYER 

5 BACKGROUND OF THE INVENTION 

Piftid nf the Invention 

The present invention relates to the field of integrated circuits and packages. 
More particularly, the present invention relates to an integrated circuit and/or a grid 
array package having a progressively variable pitch. 
10 Description of Related Art 

Over the years, the electronics industry has minimized the size of integrated 
circuit chip designs. As integrated circuits become more dense and therefore smaller, 
the packaging of integrated circuit becomes more complex. As a consequence, more 
and more input and output (I/O) connections become available for use with a single 
15 integrated circuit. For example, an integrated circuit with a size of 0.5 inches square 
can easily require 400 or more connections. 

Some of the latest microprocessor devices are packaged in land grid array (LGA) 
packages or modules. The LGA package style comprises an array of planar, typically 
rectangular or circular, conductive pads located on an underside of the IC package for 
20 surface contact with leads on a RGB. The array of pads is typically in a multiple row, 
multiple column arrangements, creating a matrix of surface contacts. LGA packages 
are ideal for devices such as microprocessors. The LGA package uses pads instead of 
pins, which are more susceptible to damage, to provide the required electrical 
connections between the integrated circuit device and the circuit board, allowing the 
25 pitch of the electrical contacts to be very small. 
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A package for carrying an integrated circuit die having a high density of 
input/output pads will typically include signal traces that fan out with distance from the 
die. The bond wires have inner lead ends connected to the input/output pads of the die 
and have outer lead ends that connect to the inner trace ends of the signal traces which 
5 typically serve as bond sites. By fanning out with departure from the die. the an'ay of 
signal traces may be considered to be a "space transformer." The ends of the signal 
traces furthest from the die may be spaced apart by greater distances, allowing the use 
of vias and solder bumps. The space transfomiation accommodates the high-density 
input/output pads of the integrated circuit die. 
10 However, various constraints limit the number of signal traces that can be 

fabricated on an integrated circuit die or package using an array layout. Industry 
standards and other process issues impose specific requirements as to the spacing 
between electrical contacts (e.g.. electrically conductive bumps such as solder bumps), 
thereby restricting the spacing between the vias that electrically connect the signal 
15 traces to the solder bumps. The spacing restriction limits the number of signal traces 
that can fit between the vias which, in turn, limits the number of signal traces that can be 
used to carry signals to and from the die. Current fabrication technology imposes 
minimum pitch requirements for signal traces to attain satisfactory yields and to ensure 
mechanical and electrical reliability. The limitation on the maximum number of usable 
20 signal traces limits the maximum number of solder bumps, thereby placing a ceiling on 
the number of signals that a particular die and/or package can provide. 

It is necessary in the attempts to increase the number of signals a particular 
package can provide to increase the number of signal traces used to carry signals to 



Docket No.: 042390.P61 07 



3 



and from the die. Currently, present design rules provide for designing packages 
having an approximate 50 mil fixed pitch for every row and integrated circuit dies having 
an approximate 10 mil fixed pitch for every row. This results in approximately 236 
signal traces for a given routing layer. One method of increasing the number of signal 
5 traces per given routing layer is through use of a variable pitch design at every row of 
contacts. 
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SUMMARY OF THE INVENTION 

The present invention discloses an integrated circuit die and/or package. In both 
cases, the package and/or die have a substrate with a central region and an outer 
region. A first plurality of electrical connections is spaced apart by a first distance on 
the outer region of the substrate. A second plurality of electrical connections is spaced 
apart by a second distance, smaller than the first distance, on the central region of the 
substrate. 
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RRIgp DESCRIPTIQ M HF THE DRAWINGS 

The invention is further described by way of example with reference to the 
accompanying drawings, wherein: 

5 Figure 1 is an illustration of a footprint of a substrate having electrical contacts 

positioned in a fixed pitch grid array layout. 

Figure 2 is an illustration of the electrical connection between two packages or 
dies through use of a plurality of traces. 

10 

Figure 3 is an illustration of a footprint of a circular package or die using the 
variable pitch layout of the present invention. 

Figure 4 is an illustration of a footprint of a rectangular package or die using the 
1 5 variable pitch layout of the present invention. 
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nFTAII gP DESCRIPTION 

The present invention discloses to a grid array layout having a progressively 
variable pitch to enable a maximum number of signal lines to be routed through the grid 
layout. In the following description, numerous specific details are set forth such as 
5 specific materials, process parameters, dimensions, etc. in order to provide a thorough 
understanding of the present invention. It will be obvious, however, to one skilled in the 
art that these specific details need not be employed to practice the present invention. In 
other instances, well-known materials or methods have not been described in detail in 
order to avoid unnecessarily obscuring the present invention. 
10 An electrical apparatus generally has a substrate with numerous points of 

electrical contact with signal traces extending from each point of electrical contact to 
provide paths for electrical connections between, for example, an IC die and a package 
between IC packages, between an IC package and a printed circuit board (PCB), 
between PCB's. etc. The present invention describes an improved layout of the 
15 electrical contacts to allow for increased density without increased complexity in 
construction or increased costs. Although the present invention is applicable in 
numerous applications including the electrical interconnections between an IC die and 
package, between a package and a PCB. between multiple PCB's. etc., for illustrative 
purposes only, the following discussion will reference the electrical contacts on the 

20 substrate of an IC package. 

Traditional flip chip packages (i.e., packages having a control collapsed chip 
connection (C4)). whether ball grid array (BGA) or land grid array (LGA) packages, have 
been fabricated having a fixed pitch grid array. Figure 1 is an illustration of a footprint of 
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a substrate 10 having electrical contacts 12 positioned in a fixed pitch grid array layout. 
The distance X between each contact 12 (i.e., the pitch) is the same for each row of 
contacts 12. Similarly, the distance Y between each contact 12 is the same for each 
column of contacts 12. The contacts 12 are generally positioned such that X and Y are 
5 the same or approximately the same distance. A standard layout positions the contacts 
1 2 at a constant pitch (X) of 50 mils. 

Figure 2 is an illustration of the electrical connection of a first package 20 having 
contacts 22 to a second package 24 having contacts 26 through use of the plurality of 
traces 28 (also referred to as tracks or routing channels.) As apparent in Figure 2, the 
10 connection of external or outer contacts, such as contacts 22d and 26d, is 
uncomplicated and achieved through use of a trace 28d. However, the electrical 
connection of more internal or central contacts, such as 22a and 26a, is more difficult. 
As with contacts 22a and 22d, the electrical connection is still made by a trace 28c. The 
space (or pitch) between the contacts along the outer region of the packages 20 and 24, 
15 however, becomes crowded with the numerous traces that must negotiate a path from 
the contacts located in the central region to the outer region of the packages 20 and 24. 
Thus, the desired number of traces required for a given design dictates the spacing of 
the outer region of contacts on a substrate. Since packages have previously been 
constructed with a constant pitch grid array, the density of a package and its connection 
20 is thus limited by the number of traces that can be designed to extend between a 
package's contacts. 

The present invention provides a novel grid array wherein the grid array has a 
progressively variable pitch layout. In other words, the electrical contacts along the 
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outer region of the grid array are spaced further apart than the contacts in the central 
region of the grid array. This variation in the spacing between contacts allows room for 
more traces (or routing channels) between the outer contacts. 

Figure 3 is an illustration of a footprint of a circular package using the progressive 
pitch layout of the present invention. Contacts 32 are positioned on the substrate 30 in 
a circular or starburst pattem to most efficiently use the footprint of the substrate 30. 
The circular layout of the present invention positions the contacts 32 at the central 
region of the substrate closer together than the contacts 32 at the outer region of the 
substrate 30. In other words, as the array of contacts 32 is traversed from the central 
most point to the outside edge of the substrate 40. the spacing between the contacts 32 
increases. In this manner, there is room for the numerous traces 34 to pass between 
the contacts 32 along the outer region of the substrate 30. 

In Figure 3. note that the relative size of the contacts 32 is approximately the 
same both at the central and outer regions of the substrate 30. Although the exact 
spacing between the contacts 32 is a design decision based upon the desired number 
of contacts 32 and routing channels 34 in a given design. Figure 3 provides an 
illustrative spacing for one embodiment of a circular grid an-ay package utilizing the 
progressive pitch layout of the present invention. In this embodiment, no routing 
channels 34 pass between the inner contacts 32b. but the spacing between outer 
contacts 32a allow for 6 routing channels to pass between the outer contacts 32a. 

Contacts 32c along the outer region of the package 30 have been removed for 
handling purposes. The number of contracts 32c removed for handling, and their given 
location within the grid array, is purely a design decision. Note also that a power an/or 
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ground ring 36 may be placed anywhere along the grid array but will typically be located 
near the central region of the substrate 30 as shown. 

Figure 4 is an illustration of a footprint of a rectangular package using the 
progressive variable pitch layout of the present invention. Contacts 42 are positioned 
5 on the substrate 40 in a pattern designed to most efficiently utilize the footprint of the 
substrate 40. The progressive layout of the grid array of the present invention positions 
the contacts 42 at the central region of the substrate 40 closer together than the 
contacts 42 at the outer region of the substrate 40. In other words, as the array of 
contacts 42 is traversed from the central most point to the outside edge of the substrate 
10 40. the spacing between the contacts 42 increases. In this manner, there is room for 
the numerous traces 44 to pass between the contacts 42 along the outer region of the 
substrate 40. 

in Figure 4. note that the relative size of the contacts 42 is approximately the 
same both at the central and outer regions of the substrate 40. Although the exact 
1 5 spacing between the contacts 42 is a design decision based upon the desired number 
of contacts 42 and routing channels 44 in a given design. Figure 4 provides an 
illustrative spacing for one embodiment of a rectangular grid array package utilizing the 
progressive variable pitch layout of the present invention. In this embodiment, no 
routing channels 44 pass between the inner contacts 42b. but the spacing between 
20 outer contacts 42a allow for 6 routing channels to pass between the outer contacts 42a.. 

Contacts 42c have been removed for handling purposes. The number of 
contacts 42c removed for handling and their given location within the grid array is purely 
a design decision. Note also that a power and a ground ring 46 may be placed 
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anywhere along the grid array but will typically be located near the central region of 
substrate 40 as shown. 



No of lines 
between contacts 


Pitch 
(mils) 


Lines in Circular 
Substrate * 


Lines in Square 
Substrate ** 


Square oUDsiraie 
(50 mil fixed pitch) 


2 


50 


212 


260 


236 


3 


60 


236 


290 


236 


4 


70 


253 


312 


236 


5 


80 


266 


329 


236 


6 


90 


276 


341 


236 



5 * Four contacts are taken off from the circular design for handling purposes. 
** Sixteen contacts are taken off from the square design for handling purposes. 

TABLE 1 

1 0 Table 1 (above) illustrates the gain in the number of input/output connections (i.e. 

traces, lines, routing channels) for a variable land pitch LGA design. The first column 
shows the maximum number of signal lines or traces that can pass between two 
contacts. The second column lists the pitch in mils of the contacts along the outer 
region (i.e., the first row) of the substrate. The third column shows the number of signal 

15 lines possible in a circular substrate having outer region contacts spaced at the given 
pitch of Column 2. The fourth column shows the number of signal lines possible in a 
rectangular substrate having outer region contacts spaced at the given pitch of Column 
2. The fifth column shows the number of signal lines possible, 236, in the traditional 
square. 50 mil fixed pitch grid array. For example, with a circular variable pitch layout 

20 with the exterior contacts spaced at 70 mils. 253 signal lines may be routed as 
compared to the 236 lines of a traditional fixed pitch layout. Similarly, with a square 
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variable pitch layout with the exterior contacts spaced at 70 mils, 312 signal liens may 
be routed as compared to the 236 lines of a traditional fixed pitch layout. 

The progressive variable pitch layout of the present invention provides a more 
efficient layout of electrical connections. The present invention provides a way of 
5 increasing density without increasing either the complexity of the apparatus' 
construction or the cost of fabrication. For example, with the fixed pitch grid array 
substrates, wires having high-density traces were required to establish the electrical 
connection due to the minimal amount of space available. Now. due to the progressive 
spacing of the contacts, the same results previously achieved can be replicated with a 
10 more relaxed structure. Or. using both high density traces and a variable pitch grid 
array, the apparatus' design complexity can be increased. In other words, a variable 
pitch grid array allows for a more compact and dense device without use of additional 
layers, or allows for even more complexity over current capabilities through use of 
multiple layers having a variable pitch grid array. 
15 The present invention also provides unique advantages when electrically 

coupling a device to a PCB or when electrically coupling multiple PCB's. For example, 
standard low-end motherboards generally allow 2 tracks between lands. By using a 
progressive pitch layout, a multiple layer motheriDoard may not be needed since more 
than two tracks can pass between exterior lands. Thus, the number of board layers 
20 might be reduced, which would also result in a reduction in the cost of fabrication. 

The above described embodiments provide advantages over the current fixed 
grid array used on integrated circuit dies, packages, and printed circuit boards by 
providing a grid array where every row has a different pitch. In this manner, the number 
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of contacts (e.g., solder bumps) lost due to the larger pitch on the exterior region of the 
substrate is compensated for by an increased number of contacts having a smaller pitch 
located at the interior region of the substrate. This progressively variable pitch grid 
array layout allows a given design to maximize the number of signal lines (or routing 
5 channels) available for a given layer. By increasing the number of signal lines per layer, 
performance of the device is increased without the added requirement and cost of 
additional signal layers. 



Docket No.: 042390.P6107 



13 



